Seven clinical cases with electrocardiographic patterns of constant or variable short P-R interval are reported. The QRS complex was either normal or aberrant. These abnormalities were reproduced experimentally in dogs by the injection of various drugs into the region of the A-V node. The theories advanced to explain these phenomena are discussed. The results indicate that accelerated A-V nodal conduction is responsible for the short P-R interval. The form of the ventricular complex may be dependent upon synchronous or asynchronous activity of the A-V node. A classification of A-V nodal dysfunction is presented.
Seven clinical cases with electrocardiographic patterns of constant or variable short P-R interval are reported. The QRS complex was either normal or aberrant. These abnormalities were reproduced experimentally in dogs by the injection of various drugs into the region of the A-V node. The theories advanced to explain these phenomena are discussed. The results indicate that accelerated A-V nodal conduction is responsible for the short P-R interval. The form of the ventricular complex may be dependent upon synchronous or asynchronous activity of the A-V node. A classification of A-V nodal dysfunction is presented.
ROLONGATION of the P-R interval was observed in the early days of electrocardiography, and the mode of occurrence has long since been established. The short P-R interval, however, was clinically recognized only recently' and there is still disagreement as to its underlying mechanism.
The major portion of the P-R interval has been demonstrated by Osborne and associates2 to be a function of the A-V node; that is, the node normally delays the transmission of the impulse from auricle to ventricle. The most commonly recognized example of the short P-R interval is the Wolff-Parkinson-White (W-P-W) syndrome. In 1944, Ohnell3 summarized the theories that had been presented to explain the short P-R interval seen in the Wolff-Parkinson-White syndrome. At present, the theories most commonly advanced are (1) (2) pre-excitation of a ventricular focus produced by electrical or mechanical stimulation from the auricles, 6, 6 and (3) acceleration of conduction time through the A-V node.7
We have recently observed cases in which the P-R interval was abnormally short, of constant or varying duration, and associated with normal or abnormal QRS complexes; the abnormal QRS complexes were narrow or wide. These cases are presumably not too uncommon, since six of the seven cases herein reported were observed in the ordinary course of private practice within a period of a few months. These cases are obviously not from 0.06 to 0.14 second. There was no relationship between P-R duration and R-R interval. The duration of the QRS was 0.07 second and configuration remained unchanged despite variations of the P-R interval. At the beginning of deep inspiration ( fig. 1B) ) . The first sinus beat shows a P-R interval of 0.12 second. The P-R interval of the last complex is 0.24 second. In lead aVF, the first and second beats are of sinus origin with P-R intervals of 0.14 and 0.10 second, respectively. The last four complexes are of nodal origin, with the same gradual R-P lengthening. stated that several years previously, when she was being investigated for a gynecologic disorder, she was told that she had "heart disease." Since then she had had occasional episodes of palpitation. The past history, family history and functional inquiry were noncontributory. Chest x-ray and routine laboratory tests were all within normal limits.
The electrocardiogram shown in figure 5A , recorded two minutes after exercise, shows sinus tachycardia (rate, 125 per minute). The P-R interval is 0.14 second and the duration of the QRS complex 0.06 second. At X there is a single beat in which the P-R interval is 0.10 second and the QRS is 0.11 second and of abnormal configuration.
In figure 5B , recorded shortly after the electrocardiogram reproduced in figure 5A , lead II shows an alternating rhythm; each normal complex is followed by a QRS of abnormal configuration. The P-R intervals of the normal beats vary from 0.14 to 0.16 second and the QRS measures 0.06 second. In the abnormal complexes (X) the P-R interval is sometimes not measurable, because the P wave blends with the upstroke of the QRS complex. When measurable, the interval varies from 0.06 to 0.10 second, and the QRS complexes are obviously wider.
The tracings shown in figure 5C The electrocardiograms, of which two leads are illustrated ( fig. 6A ), reveal shortening of, and variation in, the P-R interval, associated with aberration of the QRS complex. The rate is 68 per minute; the P-R interval is 0.08 to 0.18 second, and the QRS is 0.06 to 0.12 second. Figure 6B reveals an alternating rhythm with short P-R intervals of varying duration, and aberrant QRS complexes of the alternate beats. The normal P-R interval is 0.16 second and QRS duration is 0.06 second. The P-R interval of the aberrant complexes varies from 0.07 to 0.13 second, and the QRS is 0.12 second. This rhythm reverted to normal after a short period of time and remained normal.
Several months later, while in another city, the patient had another episode of coronary occlusion, which resulted in his death. WVe were fortunate in being able to obtain the heart for histologic examination, which was done by the Lev technic. The pathologist* reported that, in the node, "the amount * The slides were examined by Dr cardiograms. The shortening of the P-R interval was correlated with changes in the P-R segment rather than with changes in duration of the P waves.
The results obtained in only 11 of the dogs are reported; the remaining animals developed heart block, nodal rhythms or nodal arrhythmias, or the short P-R intervals were not persistent for a long enough period of time to be considered significant. In the group reported, the pattern of varying short P-R intervals appeared within several seconds to very few minutes after the injection into the node and persisted from one to several minutes. After normal sinus rhythm recurred, the short P-R intervals could often be reproduced by a second injection.
Cocaine. The seven dogs that received injections of cocaine into the A-V node presented short P-R intervals of varying duration with QRS complexes of normal duration. In two of these animals ( fig. 9A and B) gradual shortening, lengthening and then shortening of the P-R interval occurred within a period of several beats. There is a definite similarity between the pattern occurring in this animal and that in case 1 ( fig. 1 ). The remaining five dogs presented short P-R interval variations with no apparent pattern. Although the duration of the P-R interval usually changed with each cardiac cycle, occasionally it remained constant for a few beats ( fig. 10A and B) . In three of the seven animals, the QRS complex was normal in configuration as well as in duration. In four animals the shape and amplitude of the QRS were altered ( fig. 10A and B) , but the duration remained within normal limits.
In two animals, 2:1 heart block followed the injection of cocaine into the A-V node. In one of these the QRS was of normal duration and configuration, while in the other the QRS was aberrant. The P-R interval of the conducted beat was extremely short in both animals (figs. 11 and 12).
Another point in figure 12 is noteworthy. By examining only lead II, one might diagnose the abnormality as first degree heart block with extremely long P-R intervals. It is only by examining the auricular lead that one observes a P wave immediately preceding the ventricular complex. The P wave is responsible for the initial portion of the R wave in lead II. Because the P-R interval is so short, the auricular and ventricular complexes in this lead appear fused. Au important way of determining that the aberrant ventricular beat is preceded by a P wave is by accurate measurement of the P-P interval. It will then be found that the ventricular complex starts with a P wave.
Formaldehyde. Among the three animals that received formaldehyde injections and exhibited short P-R intervals, the shape of the QRS complex was normal in one and altered in two. Although the P wave in standard limb leads always remained upright, it was low-er thaw normal in two dogs and higher than normal in one. In two dogs the P-R interval was short and varying in duration and was associated with an aberrant QRS complex (fig. 13) ; note the similarity to case 6 ( fig. 6(A, lead V5 ).
Acetylstrophanthidin. One of the animals that received acetylstrophanthidin presented a very short P-R interval of unnarying duration,
Continuous strip of simultaneously recorded lead II and direct auricular lead after injection of 20 per cent cocaine in the region of the A-V node of a dog. There is 2:1 heart block. The auricular rate is 124 and the ventricular rate 62 per minute. In lead II the P waves preceding the QRS complex are not readily recognized. By inspection of the direct auricular lead, however, it is apparent that there is a P wave preceding the QRS complex and that the P-R interval is extremely short. followed by second and first degree heart block. As the heart block became less severe it was frequently associated with isolated beats, runs of beats or alternating complexes manifesting short P-R intervals, of constant or varying duration, and associated with either normal or aberrant QRS complexes.
DISCUSSION
In our experiments, alteration of the A-V node resulted in three phenomena: (1) heart block, (2) short P-R intervals and (3) nodal rhythms and arrhythmias. The short P-R interval was of constant or of varying duration, associated with normal or abnormal QRS complexes. These phenomena are comparable to those seen in the clinical cases. The pattern of constant short P-R interval was experimentally reproduced in one dog by injection of acetylstrophanthidin in the region of the A-V node. The varying type followed injections of cocaine or formaldehyde into the same region.
These results are consistent with the clinical observation that short P-R intervals are frequently associated with acute myocardial disease involving the A-V node, such as acute rheumatic myocarditis and acute posterior myocardial infarction. Three cases have been reported7" in which acquired and permanent Wolff-Parkinson-White syndrome was associated with histopathologic changes in the region of the A-V node. Since there was no obvious cardiac pathology in some of our cases (cases 1, 2 and 5), it would appear that a dysfunction of the A-V node could be responsible for the electrocardiographic phenomena even in the absence of a definite lesion of this structure. In the one case in this series in which autopsy was done, the alterations in the A-V node were considered to be at the upper limit of normal. However, the autopsy was performed several months after the episode that was manifested by short P-R intervals in the electrocardiogram. It It is well known that hypothalamic or druginduced sympathetic stimulation results in sinus tachycardia and relative shortening of the P-R interval. In our clinical experience, however, when there is variation of what is referred to as "vagosympathetic tone," the P-Ri interval generally remains longer than 0.12 second. None of the drugs used in our experimental procedures has a known sympathomimetic effect; the effect of digitalis is mainly vagotonic. There was no indication in our experiments that the autonomic nervous system factor was responsible for the shortening of the P-R interval.
Ectopic Auricular Focus. Some workers have attributed the short P-R interval with a QRS complex of normal duration to the presence of a low ectopic auricular focus. Various labels have beeni used, among them, paranodal rhythms,1'6 parasinus rhythms, 7 and coronary sinus rhythms.'8 All these terms imply that the impulse arises near the A-V node rather than the S-A node. Since such impulses have a short distance to travel before reaching the A-V node, these workers ascribe the shortening of the P-R. interval to the shortened conduct.ion time. The theory of the low ectopic auricular focus is based on the belief that the configura- The A-V node was altered by a continuous, subthreshold, direct electrical current applied to the node. It was observed that the P-R interval became shortened and the QRS complex aberrant and widened. Since the QRS complex was abnormal but the last portion usually occurred at the normal time, it was suggested that only part of the node discharged prematurely and the remainder after a normal delay. As the essential disturbance was premature transmission of part of the impulse through the A-V node, the term accelerated auriculoventricular conduction, or accelerated conduction, was utilized to describe this phenomenon.Y Antagonism of Complete Heart Block and Accelerated Conduction
Complete heart block should be a means of determining the validity of the aberrant bundle theory or the acceleration conduction theory. According to the theory of accelerated auriculoventricular conduction, complete heart block and accelerated conduction are mutually exclusive. According to this theory, the abnormality lies in the specific auriculoventricular pathway. If this pathway is completely destroyed, as in complete heart block, accelerated conduction obviously cannot occur. According to the bundle of Kent theory, complete heart block should not interfere with, but should actually facilitate, the production of accelerated conduction. The explanation is that, since the normal pathway is destroyed, the aberrant pathway should function unopposed.
It has been clearly shown in animals that complete A-V block and accelerated conduction cannot occur at the same time: (1) In a previous study in seven animals, Wolff- Parkinson-White complexes could not be produced by electrical stimulation of the endocardial surface of the right ventricle after the production of complete heart block by destruction of the bundle of His (ventricular type of Wolff-Parkinson-White mechanism).7 (2) In the present study, accelerated conduction complexes could not be reproduced by any of the methods after complete heart block had developed as a result of manipulation of the A-V node. (3) After the animal recovered from complete heart block, accelerated conduction complexes occasionally occurred.
Clinically The presence of partial heart block indicates disturbance of A-V nodal function. Since partial heart block and accelerated conduction complexes were observed in the same animal, the indication is that a single lesion in the A-V node may result in both types of disturbance.
Partial heart block and accelerated conduction may occur in the same patient (cases 4 and 5) . If the A-V node is completely destroyed, complete heart block results. If it is partially disturbed, partial heart block results. However, the disturbance may on occasion be such, as in some patients and in these experiments, that the function of normal delay is impaired and accelerated conduction results. Thus, if the node is diseased but not completely destroyed, the impulse may at times be delayed and at other times accelerated. The mechanism by which the A-V node at one time delays and at other times accelerates conduction in the same heart is unknown.
The A-V Node, the "Central Nervous System" of the Ventricle 3. In 10 animals, control injections into other parts of the heart did not produce any of the above-mentioned electrocardiographic phenomena. 4 . The normal function of the A-V node is to delay passage of the impulse from the auricle to the ventricle. This delay accounts for the major portion of the normal P-R interval. It is thought that the injections interfered with this function, allowing acceleration of conduction from auricle to ventricle with resultant shortening of the P-R interval. The abnormality has been termed accelerated conduction.
5. Since the electrocardiograms in the patients and in the dogs were identical, it is proposed that the abnormality in the patients may also have been due to disturbance of the A-V node. 6 . Evidence has been presented that the A-V node is a sort of "central nervous system" of the heart and that, from a physiologic viewpoint, certain parts of the node supply specified parts of the ventricle.
7. In cases with short P-R intervals, it is postulated that when the entire A-V node is discharged prematurely, the QRS is narrow and normal. If only part of the node is discharged prematurely, and the rest discharged later, then the QRS is wide and aberrant. 8. The two major theories of the short P-R interval phenomenon are (1) anomalous anatomic pathways and (2) accelerated conduction through the normal pathway. The phenomenon of complete heart block should be a means of determining which theory is valid. If the short P-R interval is due to anomalous pathways, then, after destruction of the A-V node, the abnormal beats should be accentuated and permanent. If the abnormal beats are due to dysfunction of the normal conducting system, destruction of the normal system should eliminate these beats. 9 . It has been demonstrated that complete heart block can always be produced by a small lesion in the A-V node in both man and animals. It 
